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Declaration of Jeffrey O. Phillips, US Pat. Appl. 10/260,132 

PATENT 

Docket No. 02036599 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent Application of: 
Jeffrey Owen Phillips 

Serial No.: 10/260,132 

Filed: September 30, 2002 

For: Novel Substituted 

Benzimidazole Dosage Forms 
and Composition of Using 
Same 

DECLARATION OF JEFFREY O. PHILLIPS 

1, Jeffrey O. Phillips, under penalty of perjury, do hereby state as follows: 

1 . 1 am the inventor of the subject matter claimed in the above-captioned patent 
application. 

2. I am employed as Research Associate Professor, Department of Surgery, at the 
University of Missouri-Columbia, Columbia, Missouri. 

3. In this application, I am claiming in pending claims 139 and 216 a powder for 
suspension and method of treatment using the same. In the recent interview, the examiner raised 
the following reference in relation to my claims relating to a suspension: Carroll & Trudeau, 
Nasogastric Administration of Omeprazole for Control of Gastric pH, Abstract, 10 th World 
Congresses of Gastroenterology, October 2-7, 1994 (hereafter, "Trudeau"). 

4. To determine whether a liquid suspension could be created using the method 
recited by Trudeau for preparing the drug, 1 obtained the starting materials and performed 
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Declaration of Jeffrey O. Phillips, US Pat. Appl. 10/260,132 

Trudeau's method. Such starting materials were one Prilosec® capsule (20 mg omeprazole 
enteric-coated pellets) and 25 cc of sodium bicarbonate solution having a concentration of 1 
mEq/cc. On May 15, 2003, 1 opened the capsule and crushed the pellets using a mortar and 
pestle. I then mixed the crushed pellets with the 25 cc of sodium bicarbonate solution in a test 
tube. 

5. Attached hereto as Exhibit 1 is a photograph taken by me on May 1 5, 2003 of the 
test tube immediately after I performed Trudeau's method described in paragraph 4 above. As 
can be seen, a suspension was not formed because the crushed pellets did not disperse or dissolve 
in the sodium bicarbonate solution as shown in Exhibit 1 . 

6. In claims 109-134, 1 am claiming a composition comprising a buffering agent(s) 
in an amount greater than 10 mEq. As was discussed in the examiner interview, McCullough 
U.S. Patent No. 5,447,918 discloses at Example 7 a liquid, which contains, among other things, 
"omerprazole" [sic] 20-300 mg/5ml, calcium carbonate 400-500 mg/5ml, and sucralfate 100-500 
mg/5ml. For purposes of this declaration only, 1 am assuming that McCullough was referring to 
omeprazole, although this is not clear as "omerprazole" appears throughout the patent. 

7. Example 12 of McCullough discloses a tablet with 20-300 mg "omerprazole," 
400-500 mg calcium carbonate, and 100-500 mg sucralfate. McCullough includes no 
information regarding whether the "omerprazole" is enteric coated or, if it is uncoated, whether it 
is protected from acid degradation in the stomach secretions, or whether sucralfate has any effect 
on such degradation. 

8. As can be seen in the attached reference, Kromer et al., Differences in pH- 
Dependent Activation Rates of Substituted Benzimidazoles and Biological in vitro Correlates, 
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Pharmacology 1998; 56:57-70, proton pump inhibitors (PPI) such as omeprazole rapidly degrade 
in acidic environments. For example, at a pH of 1.2, fifty percent of omeprazole degrades within 
2.8 minutes. It is therefore important to protect the omeprazole from gastric acid. 

9. As disclosed in McCullough, 500 mg calcium carbonate equates to 10 mEq (i.e., 
500 mg divided by molecular weight of 100, which is then multiplied by 2 for the valence of 
calcium carbonate). However, claim 109 requires greater than this amount. 

1 0. In general, the protective effect of a specific buffer against PPI acid degradation is 
proportionate to the dose of the buffer employed. See for example, Lin et al., Evaluation of 
Buffering Capacity and Acid Neutralizing-pH Time Profile of Antacids, J. Formosa Med. Assoc. 
1998; 97(10): 704-719, copy attached. In figure D on p. 707, 1000 mg (20 mEq) of either 
calcium carbonate powder or tablets results in an increased pH (i.e., about 5.5 at 5-10 minutes) 
compared to a dose of 500 mg (i.e., pH of about 1.8 at 5-10 minutes). Combining these results 
with the data in the Kromer reference shows that omeprazole will be subject to less degradation 
using 1000 mg than 500 mg. Other examples are provided in figures A-C, and E-F for other 
antacids. 

1 declare under the penalty of perjury that the foregoing is true and correct. 




Date: ZMjggEJ 



3 



. . urn ID. PKQW. a/1 



10th World Congresses of Gastroenterology 

Angtl* Oct 2 - 7, ISM Abstracts C Post* pmertafcotw 



up 4970 



M«Rhr* Cuioil MO, WtHtrL f<ud«*u MD 



t CemnlafdMUttm 



WTHOOUCTION: Numem* *»v* lh« efficacy cf prephyUdlclhwmr 

curt*** I b ew2*W* In <tela^lM»d ^k* ^ 
cSSwc* via KG tut* tor «r»» «to*mtton pwp*tf«£* METHOC g^cttcafr ^Pf^^Jf* 



ZT m ecmaiioaiSaw throughout the itudy p»riod» CONCLUSION: Ni»©Q*«WB adttW*iW> « 
™~-dw*h «» addltan ©I ft Newborn* toUteft fee da**? of fr* cmshad pttoto. N»»fifi»lM& 



Original Paper 



Pharmacology 



Pharmacology 1998;56:57-70 



>gy 



Departments of 
ft Pharmacology, 
b Biochemistry, 
c Pharmacokinetics, 
d Clinical Pharmacology and 
e Biometry, Byk Gulden, Konstanz, 

Germany 



Keywords 

Proton pump inhibitors 

Substituted benzimidazoles 

Pantoprazole 

Omeprazole 

Lansoprazole 

Rabeprazole 

Tissue selectivity 

Prodrugs 

Activation rates 



Differences in pH-Dependent 
Activation Rates of Substituted 
Benzimidazoles and Biological 
in vitro Correlates 



Abstract 

Gastric proton pump inhibitors (PPIs) are substituted benzimidazole pro- 
drugs that require an acid-induced activation. Its rate depends on the reac- 
tivity of the molecule relative to the environmental pH and determines the 
drug's tissue selectivity. Factors affecting the exposure of moderately 
acidic tissues to the activated PPI are the area under the serum concentra- 
tion-time curve (AUC), serum protein binding, the partition coefficient 
logP and the serum elimination half-life relative to the chemical activation 
half-life at a critical tissue pH of about 5. These parameters have therefore 
been determined in a comparative fashion in the present study. The data 
shows that pantoprazole is less likely to undergo unwanted activation at 
moderately acidic targets as opposed to the parietal cell, compared to ome- 
prazole. Actually, although 40 mg pantoprazole (steady state) gave a slight- 
ly higher serum AUC of the total parent compound than 40 mg omepra- 
zole (10.5 vs. 7.1 umol x h x H), a higher serum protein binding of 
pantoprazole versus omeprazole (98 vs. 96%) reversed the AUC values for 
the free drug in favor of a lower value for pantoprazole (0. 1 9 vs. 0.28 umol 
x h x It is the free parent compound that equilibrates across cell 
membranes to be activated in acidic tissue compartments. At pH 5.1, the 
activation half-life of pantoprazole was 4.7 versus 1.4 h for omeprazole, 
the latter being in the order of the common serum elimination half-life 
determined in an intraindividual comparison (1.24 vs. 1.25 h). Thus, pan- 
toprazole is eliminated faster from blood than it is activated at a pH of 
about 5, while omeprazole is as quickly activated at this pH as it is elimi- 
nated from blood. Biological in vitro experiments confirmed that panto- 
prazole displays a lower liability to interfere with unwanted biological tar- 
gets. This has been demonstrated in vitro for inhibition of both renal NaV 
K + -ATPase, lysosomal acidification and the production of reactive oxygen 
species by neutrophils. 
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Substituted benzimidazole derivatives like 
pantoprazole, omeprazole, lansoprazole and 
rabeprazole are gastric proton pump inhibi- 
tors (PPIs) that, after their acid-induced rear- 
rangement to a thiophilic, cyclic sulfenamide, 
covalently react with SH groups on the extra- 
cytoplasmic face of the H + /K + -ATPase [for 
review, see 1-4]. Their tissue selectivities for 
the secreting parietal cell are based on pro- 
drug accumulation and their activation rates 
at different tissue pH values, relative to the 
serum elimination half-life. Apart from steric 
properties that may contribute to differences 
in binding patterns of different PPIs at the 
H + /K + -ATPase [4], PPIs probably do not dis- 
play any target selectivity in terms of a fit 
between the proton pump and the chemical 
structure of the drug, as observed with recep- 
tor antagonists. However, structural aspects 
determine the activation rate at different pH 
values encountered at different (wanted or 
unwanted) targets. The activated drug then 
immediately reacts with SH groups in its 
vicinity irrespective of the particular biologi- 
cal target. As a consequence, drug safety of 
PPIs requires a sufficient separation between 
fast chemical activation of the prodrug at pH 
1 and an activation rate as slow as possible at 
pH values above 3 (either 'fast* or 'slow' 
meant relative to the serum elimination half- 
life). At the latter pH values, any activation of 
the prodrug to its pharmacologically active 
cyclic sulfenamide may produce unwanted ef- 
fects. For example, pH values of 3-5 have 
been measured in the attachment zone of 
osteoclasts and in macrophage lysosomes [5, 
6]. Accordingly, Baron et al. [7] have shown 
that osteoclasts secrete lysosomal enzymes 
into the acidified extracellular compartment 
which is considered functionally equivalent to 
a secondary lysosome with a low pH. Vacuo- 
lar acidification also plays a key role in cellu- 



lar functions like receptor recycling, protein 
processing and degradation [8]. 

In order to comparatively assess the poten- 
tial risk of omeprazole and pantoprazole to 
produce unwanted SH reactions in the body, 
their activation kinetics have been deter- 
mined in vitro at different pH values and 
compared to their serum elimination half- 
lives, areas under the serum concentration- 
time curves (AUCs) values, serum protein 
binding, volumes of distribution in man and 
partition coefficients (logP at pH 7.4). Only 
when all of these parameters are compara- 
tively taken into account can a reasonable 
judgement be made about the potential tissue 
exposure to different, activated PPIs at, for 
example, a critical pH value in the order of 5. 
The present data suggests that pantoprazole 
displays a lower liability to produce unwanted 
SH reactions. We will demonstrate that, in 
line with their physicochemical properties 
mentioned above, omeprazole and pantopra- 
zole clearly differ in their in vitro interaction 
potential at unwanted biological targets, in 
favor of a lower interference by pantoprazole. 
The answer to the question of how this basic 
data translates into a possibly different profile 
with respect to rare side effects under thera- 
peutic conditions has to await a broader clini- 
cal experience over the years to come. 



Materials and Methods 

pH-Dependent Stability (Activation Half-Life) of 
Prodrugs 

The in vitro conversion (intramolecular rearrange- 
ment) from the prodrug to the pharmacologically ac- 
tive cyclic sulfenamide was followed at room tempera- 
ture at different pH values over time by measuring 
either the decrease in prodrug concentration or the for- 
mation of the cyclic sulfenamide. The initial reaction 
follows pseudc-first-order kinetics, and the pH-depen- 
dent activation half-life was calculated. 2.5-4 mg of 
the respective prodrug were dissolved in 0.5 ml metha- 
nol and diluted to 10 ml with 0.1 N HC1 (5:95, v/v; pH 
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1.2) or with buffer (mol/1: 0.0) glycine, 0.01 KC1, 0.01 
KH 2 P04, 0.01 HjBOj, 0.05 Na-acetate; pH 5-7). The 
pH of the buffer was adjusted to the desired value 
using HQ or NaOH. The reaction kinetics were fol- 
lowed, at pH 1.2, photometrically at the long wave- 
length band of the cyclic sulfenamide (starting concen- 
tration ofprodrug in this case was 2 x I0- 5 mol/l; pho- 
tometer Perkin-EImer Lambda 5). Preliminary experi- 
ments had already indicated that the cyclic sulfenam- 
ide is quantitatively formed under these conditions. At 
pH values from 5 to 7, reaction kinetics were foUowed 
by HPLC analysis (starting concentration of prodrug 
was 8 x 10 -4 mol/1). The HPLC system consisted of a 
Merck-Hitachi LC 5000 with a reverse-phase column 
(12.5 cm X 4.6 mm, 5-um material). The eluant was 
CH3CN/IO- 2 mol/1 KH2PO4 (pH 7.4), die gradient 10- 
20% CH 3 CN in 5 min and 20-70% CH3CN in 20 min, 
flow 1 ml/min, UV detection at 280 nm. 

Determination of Partition Coefficient 
" The logP values of the PPIs were determined 
according to standard procedures [9]. 

Determination of in vitro Binding to Human 
Serum Proteins 

Serum from 5 healthy male subjects was frozen at 
-20 °C until use. M C-pantoprazole labeled within the 
benzimidazole moiety was used at 0.6, 5.2, 47 and 
232 umol/1 (final concentrations). Aliquots of drug 
standard solutions in serum (1 ml) were subjected to 
equilibrium dialysis (MSE Dianorm apparatus; cellu- 
lose dialysis membranes MW 5,000 cutoff, Diachema) 
at 37 °C and 10 rpm against isotonic phosphate buffer 
( 1 ml, 1 30 mmoVl NaCL 20 mmol/1 NaH 2 P0 4 adjusted 
to pH 7.4 with NaOH, 0. 1 % NaN 3 ). After 5 h of dialy- 
sis, radioactivity was measured by liquid scintillation 
counting (Ultima Gold, Packard Instruments, Frank- 
furt, Germany) and evaluated according to standard 
procedures [10]. These experiments were performed at 
Dr. P. Engelmann Menal GmbH, Herbolzheim, Ger- 
many. 

Determination of Serum Elimination Half-Life 
and Serum Concentration-Time AUG 
40 mg Pantoprazole versus 40 mg Omeprazole 
The apparent terminal half-life and AUC were 
determined in an open, crossover design. Each subject 
received in randomized order pantoprazole tablets or 
omeprazole capsules, in either case 40 mg/day orally. 
Pantoprazole was administered as the sodium salt ses- 
quihydrate in tablets containing 40 mg referenced to 
the free acid. Omeprazole capsules containing 20 mg of 



free compound were purchased from Astra Chemicals 
GmbH, Wedel, Germany. The medication was pro- 
tected from light. The daily dose of 40 mg of the 
respective test drug was administered together with 
100 ml tap water in the morning. The study was per- 
formed at the Department of Clinical Pharmacology, 
Byk Gulden, Konstanz, Germany. 

26 healthy subjects were selected by history and 
medical examination including clinical laboratory 
tests and ECG- Ages ranged from 23 to 43 years (me- 
dian 30). Body weight ranged from 47 to 97 kg (median 
69.5). 24 subjects (13 male, 1 1 female) completed the 
study, 1 subject left the study due to an adverse event 
(common cold infection), the other for personal rea- 
sons. Data on AUC and elimination half-life reported 
here were determined following the 5th oral dose. 
Blood samples for determination of serum concentra- 
tions were taken at 30-min intervals up to 6 h, later at 
60-min intervals up to 1 2 h and, finally, after one addi- 
tional 12-hour interval. 

On day 5 of the study (pharmacokinetic determina- 
tions), the volunteers had been fasted overnight (from 
day 4 to day 5). They had a standard lunch at 12.30 
and standard dinner at 7 p.m. Serum concentrations of 
pantoprazole and omeprazole were-determined ac- 
cording to Huber et al. ( 1 1 ] using a validated, reversed- 
phase gradient HPLC method with UV detection at 
either 290 nm (pantoprazole) or 301 nm (omeprazole). 
The detection limit was 0.03 mg/1. The AUC over one 
dosing interval following the 5th dose and the apparent 
terminal half-life were calculated by standard methods 
[12]. 

Determination of Serum Elimination Half-Life: 
40 mg Pantoprazole versus 20 mg Omeprazole 
This comparison has been incorporated because it 
refers to the usual 'standard' doses of the two PPIs. The 
apparent terminal half-life was determined in a dou- 
ble-blind, randomized, two-period crossover study in 
16 healthy male volunteers aged between 21 and 35 
years. The study was conducted at the Institute for 
Clinical Pharmacology, Griinstadt, Germany. Out of a 
number of parameters measured, only the terminal 
half-life during steady-state conditions will be reported 
here. Oral medication was either 40 mg pantoprazole 
or 20 mg omeprazole once daily for 7 days. The two 
drugs were administered in identical gelatine capsules. 
The washout period was at least 2 weeks. Serum con- 
centrations were measured by HPLC, and terminal 
half-life was determined following the 7th dose. Blood 
sampling was every 30 min from 0 to 5 h, every hour 
from 5 to 8 h and, thereafter, 10, 12 and 24 h following 
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drug administration. Both this study and the study 
described in the preceding section were carried out 
according to the German Medicine's Act and were 
approved by an ethics committee. All volunteers gave 
their written informed consent. 

Determination of Apparent Volume of Distribution 
Pantoprazole was administered as an intravenous 
bolus to 12 healthy male volunteers in a single-blind, 
randomized, crossover study at doses of 10, 20, 40 and 
80 mg. Total serum clearance and apparent volume of 
distribution were calculated according to standard pro- 
cedures, as outlined by Bliesath et al. [13]. Omeprazole 
data was taken from the literature [14]; V z = volume of 
distribution, see Notari [15]. 

Acid Production by Isolated Gastric Glands 
Rabbit fundic glands (white New Zealand rabbits, 
body weight 2-3 kg) were obtained by high-pressure 
perfusion of the stomach and subsequent coHagenase 
treatment of mucosal pieces. The glands were washed 
several times and suspended in Krebs-Henseleit solu- 
tion as described elsewhere [16]. Glands were stimulat- 
ed with 10 umol/1 histamine for 30 min at 37 ° C in the 
absence or presence of different concentrations of the 
test compounds. 0.125 umol/1 14 C-aminopyrine was 
additionally present to accumulate in the acidic space 
of the parietal cells depending on their activation state. 
Radioactivity was measured in both the supernatant 
and the sediment after the incubation period and 
served as an indirect measure of acid production. A 
preliminary account of this data was published in 
abstract form by Simon et al. [17]. 

Inhibition ofNa f /K*-ATPasefrom Dog Kidney 
in vitro 

To assess the potential activity of the different PPls 
versus SH-group-containing enzymes other than the 
gastric H*/K*-ATPase, the Na + /K + -ATPase from dog 
kidney (purchased from Sigma, Germany) was mea- 
sured. 50 mmol/1 HEPES buffer of pH 7.6 containing 
(mmol/1) 3 ATP, 10 MgCl 2 , 140 NaCl, 10 KC1 and 0.5 
EDTA was used. Incubation was for 20 min at 37 0 C in 
the absence or presence of the test drug {stock solution 
in methanol diluted 100-fold by the incubation volume 
to get the final concentration). The incubation was 
stopped by addition of 1 ml of a mixture of ammonium 
molybdate (4.5%; w/v) phis peichlorid acid (60%; w/v) 
and 3 ml butyryl acetate (100%), cooling to 0°C and 
shaking for 10 s. After centrifugation at 2,000 g for 
5 min, the phosphomolybdate complex was measured 
photometrically at 310 nm. 



Inhibition of Human Polymorphonuclear 
Leukocyte Function: Formation of Reactive 
Oxygen Species 

Polymorphonuclear leukocytes were isolated from 
human blood (anticoagulated with sodium citrate) by 
dextran sedimentation, centrifugation on Ficoll paque 
and hypotonic lysis of remaining red blood cells [18]. 
Formation of reactive oxygen species was measured by 
luminol-ennanced chemfluminescence. The assay was 
performed in a buffer consisting of (mmol/1) 140 NaCl, 
5 KC1, 10 HEPES, 1 MgCl 2 , 1 CaCl 2) glucose 1 mg/ml, 
BSA 0.05%, luminol 10 umol/1 and microperoxidase 
4 umol/1 (all values correspond to final concentrations). 
Aliquots (0.5 ml) of the cell suspension (10 7 cells/ml) 
were preincubated for 5 min at 37 °C in the absence or 
presence of the test drug. Stock solutions (100 mmol/1) 
of omeprazole and pantoprazole were prepared in 
DMSO. Final drug concentrations in the assay (1- 
100 umol/1) correspond to a DMSO concentration of 
0.1% (v/v) which by itself only weakly affected the 
chemfluminescence response. The assays were trans- 
ferred into a 'multi-biolumat' LB 9505C from Berthold 
(Wildbad, Germany) and stimulated by the addition of 
fMLP (formyl-metmomne-leucine-phenylalanine; final 
concentration 100 nmol/1). Chemiluminescence was 
continuously recorded for 3 min and the AUCs were 
calculated. In order to assess nonspecific quenching of 
chemiluminescence, formation of Of was triggered in 
the absence of cells under otherwise identical condi- 
tions by xanthine oxidase (25 mU) in the presence of 
hypoxanthine (0.3 umol/1). The chemiluminescence 
signal obtained under these conditions was of a compa- 
rable magnitude to that seen in the cell system. 



Histamine (Sigma, Germany); lansoprazole, panto- 
prazole [19], rabeprazole and omeprazole (for in vitro 
tests) were prepared by Byk Gulden Chemical Depart- 
ment. Omeprazole for clinical studies was commercial- 
ly available Antra® (Astra/Hassle). All other chemicals 
were purchased from commercial sources. 

Statistics 

As descriptive statistics, either mean ± SD, geo- 
metric mean (with geometric 68% range, correspond- 
ing to mean ± SD after logarithmic transformation) or 
median (either 68% range or minimum/maximum) are 
given. Statistical significances (two-sided, p) were de- 
termined using the t test for paired or unpaired sam- 
ples. The t test was applied in its Welch modification 
where appropriate. In case of pH-dependent activation 
of prodrugs in vitro, the coefficients for linear correla- 
tion (r) are given. 
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Results 

pH-Dependent Stability of Prodrugs 
The chemical activation half-lives of pan- 
toprazole, omeprazole, lansoprazole and rabe- 
prazole as a measure of their chemical stabili- 
ty at different pH values are shown in table 1 . 
Compared to a favorably slow activation of 
pantoprazole at pH 5 corresponding to an 
activation half-life value of 2.8 h, the chemi- 
cal activation of omeprazole and lansoprazole 
at pH 5 is much faster, resulting in activation 
half-lives of 1 and 1.1 h, respectively. Sepa- 
rate measurements at pH 5.1 (fig. 1) gave acti- 
vation half-lives of pantoprazole and omepra- 
zole of 4.7 and 1 .4 h that again differ by a fac- 
tor of about 3-4 in favor of a slower activation 
of pantoprazole. For the other PPIs, see ta- 




Flg. 1. Concentration of prodrugs over time (i.e. 
activation kinetics) at pH 5.1 in vitro (In; % of area 
under the control HPLC peak). • = Pantoprazole, 
r = 0.99; O = omeprazole, r = 0.99; A = lansoprazole, 
r = 0^99; O = rabeprazole, r = 0.97; n = 40, 29, 30 and 
25, respectively; r = coefficient of linear correlation. 



Table 1. Chemical activation and serum elimination half-lives of PPIs 



.oh "jTcp-^le I-X^rwfJv ; Rabep al- 
chemical activation half-lives . 

t)H12 4.6min 2.8min 2.0mm l.3min 

(4.3; 4.4; 4.7; 5.0) (2.5; 2.7; 2.8; 3) (1.9; 2.0; 2.0; 2.2) (1.1; 1.1; 1.1; 1.7) 

pH5.0 2.8 n 10 h 1.1 h 

(2.5; 2.8; 2.8; 3.2) (0.93; 1.1) (1.1; U) 

oH5 1 47h 1-4 b l- 5h °- 12h 

(4.1; 4.4; 4.8; 5.5) (1.4; 1.4; 1.5) (1.4; 1.6; 1.6) (0.09; 0.1 3; 0.1 5) 

pH6.0 21 h 7.3 h 6.4 h 

(19; 23) (7.1; 7.5) (6.2; 6.5) 



pH7.0 73 h 



39h 35h 



(73; 73) (38; 39) (33; 36) 

Serum elimination half-lives, h 

124 1.25 1-4-2.7 

(0.76; 2.03) (0.86; 1.82) 



Chemical activation half-lives were calculated by means of linear regression (fig. 1) during 
the initial reaction period of at least one half-life (until subsequent chemical reactions may 
cause some deviation; not shown). Means and single values. 

Serum elimination half-lives have been determined under the following conditions: panto- 
prazole 40 mg/day, following the 5th oral dose in a crossover comparison to 40 mg/day ome- 
prazole (geometric means and geometric 68% ranges); lansoprazole 30 mg/day following the 
7th oral dose (data taken from Barradell et al. [23]); rabeprazole 40 mg/day, following the 7th 
oral dose, mean ± SD (data taken from Yasuda et al. [5 5]). 
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blel. By contrast, at pH 1.2, encountered 
within the acidic canaliculus of the parietal 
cell, the activation half-lives of pantoprazole, 
omeprazole, lansoprazole and rabeprazole 
were within a fairly low range of 4.6-1 .3 min. 
At the other extreme, at pH 7.0, they were 73, 
39 and 35 h, for pantoprazole, omeprazole 
and lansoprazole, respectively. For compari- 
son, pantoprazole and omeprazole displayed 
activation half-lives of 130 and 80 h, respec- 
tively, at pH 7.4 [20]. 

Partition Coefficient 

logP was comparatively determined for 
pantoprazole, omeprazole, lansoprazole and 
rabeprazole. At pH 7.4, pantoprazole showed 
the lowest logP of 2.05 ± 0.01 (mean ± SD, 
n = 7, table 2). Omeprazole and rabeprazole 
produced logP values of 2.27 (2.27, 2.27, n = 
2, table 2) and 2.3 ± 0.04 (mean ± SD, n = 
4). The highest logP value was found for lan- 
soprazole, i.e. 2.8 (2.8, 2.8, n = 2). 

In vitro Binding to Human Serum Proteins 
Pantoprazole, omeprazole and lansopra- 
zole were directly compared at concentra- 
tions of either 0.5 or 3 ug/ml (n = 5 each). 
Percentages of bound drug (mean ± SD) 
were 98.2 ±0.19 (pantoprazole), 96.1 ± 
0.54 (omeprazole) and 97.3 ± 0.69 (lanso- 
prazole) for 0.5 ug/ml. The higher concentra- 
tion of 3 ug/ml gave percentages of bound 
drug (mean ± SD) of 97.9 ± 0.2 (pantopra- 
zole), 95.4 ± 0.75 (omeprazole) and 97.3 ± 
0.33 (lansoprazole). No significant differ- 
ences between percentages of bound material 
observed in the comparison between the two 
concentrations of either drug were found. 
Note that 0.5 u.g/ml of either pantoprazole or 
omeprazole equal 12 and 15umol/l corre- 
sponding, roughly, to the upper limits of 
maximum serum concentration shown in ta- 
ble 2. The percentage of free drug (that pene- 
trates across cell membranes and accumu- 



lates in acidic compartments) was significant- 
ly different between pantoprazole and ome- 
prazole (1.8 ± 0.19 vs. 3.9 ± 0.54, mean ± 
SD; p < 0.001; total in vitro concentration = 
0.5 |j.g/ml). The difference between pantopra- 
zole and lansoprazole (2.7 ± 0.69) was also 
statistically significant (p s 0.05). 

Serum Elimination Half-Life andAUC: 
40 mg Pantoprazole versus 40 mg 
Omeprazole Once Daily over 5 Days 
When directly compared in a multiple- 
dose, crossover study in 24 healthy volun- 
teers, serum elimination half-lives (geometric 
means with geometric 68% ranges) of 1.24 
(0.76, 2.03; pantoprazole) and 1.25 (0.86, 
1.82; omeprazole) were obtained (table 1). 
The AUC values over one 24-hour interval 
were 10.5 (5.2, 21.1) and 7.1 (3.2, 15.8) umol 
x h x H, respectively (table 2). 

Serum Elimination Half-Life: 40 mg 
Pantoprazole versus 20 mg Omeprazole 
In a further crossover study in 16 healthy 
volunteers, oral daily doses of 40 rag panto- 
prazole and 20 mg omeprazole were com- 
pared. Paired samples were available for 14 
subjects and were used for evaluation. Follow- 
ing the 7th dose, median serum elimination 
half-lives (with 68% ranges) of 0.69 h (0.6, 
0.98; pantoprazole) and 0.64 h (0.47, 0.71; 
omeprazole) were determined. 

Apparent Volume of Distribution 
The volume of distribution is the only 
parameter presented here that was not deter- 
mined in a direct comparison between panto- 
prazole and omeprazole. However, both sets 
of data refer to 40 mg i.v. (pantoprazole 
n = 12, omeprazole n = 10) and mean ± SD. 
The volume of distribution was 0.15 ± 0.02 
1/kg (pantoprazole) and 0.37 ± 0.16 1/kg 
(omeprazole; data taken from Andersson et al. 
[14]). 
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Table 2. The basis of potential exposure of moderately acidic tissue compartments to 
activated PPls in man 



Maximum serum concentration 
(40 mg p.o.; steady state), p.mol/1 



6.2(3.5,11.2) 2.5(1.4,5.0) 
n = 24 n = 24 



Serum AUC 

(40 mg p.o., steady state), p.mol xhxl-' 



10.5(5.2,21.1) 7.1(3.2,15.8) 
n=24 n = 24 



0.5 ug/ml total concentration 
Serum protein binding, % 
Free drug, % 

AUC of free drug 

(calculated from the above data), umol x h x 1- 
3 ug/ml total concentration 

Serum protein binding, % 

Free drug, % 



98.2±0.l9* 96.1 ±0.54* 
1.8+0.19* 3.9±0.54* 
n=5 n=5 

0.19 (0.09, 0.38) 0.28 (0.12, 0.62) 



97.9 ±0.2* 
2.1 ±0.2* 
n = 5 



95.4±0.75* 
4.6 ±0.75* 
n=5 



Volume of distribution (40 mg Lv.), 1/kg 



0.15(0.13,0.17) 
n = 12 



0.37 ±0.16* 
n=10 



logPatpH7.4 



2.05±0.01* 
n = 7 



2«27 (2.27, 2.27) 



Activation half-life at pH 5.1 in vitro, % 



4.7 ±0.61* 
n = 4 



1.4±0.06* 
n = 3 



Serum eUrnination half-life 
(40 mg p.o., steady state), *h 



1.24(0.76,2.03) 
n = 24 



1.25(0.86,1.82) 
0 = 24 



Omeprazole volume of distribution from Andersson et al. [14]. For pharmacokinetic char- 
acteristics, geometric means and geometric 68% ranges are given unless otherwise stated. 

* Mean± SD. 

* Data from table 1 repeated here for a direct comparison to the other parameters. 



Acid Production by Isolated Gastric 
Glands 

When gastric glands were stimulated with 
histamine, IC 5 o values were (nmol/1; geomet- 
ric means with 68% ranges) 0.63 (0.5, 0.79; 
pantoprazole; n = 4), 0.2 (0.17, 0.24; omepra- 
zole; n = 4), and 0.4 (0.26, 0.6; lansoprazole; 
n = 4). 



Inhibition ofNa + /K + -ATPasefrom Dog 
Kidney in vitro 

The IC 50 values (umol/1; geometric means 
with 68% ranges) were 200 (145, 275; panto- 
prazole; n = 6), 32 (18, 56; omeprazole; n = 7) 
and 40 (31, 51; lansoprazole; n = 5). Hence, 
pantoprazole proved to be least potent in 
inhibiting the sodium pump from dog kidney 
in vitro: p <; 0.001 (pantoprazole vs. omepra- 
zole) and p < 0.001 (pantoprazole vs. lanso- 
prazole). 



Selectivity of Proton Pump Inhibitors 



Table 3. Selectivity of A Inhibition of acid versus sodium pump (IC 50 ; umoi/1; geometric mean) 
substituted ben2.1mida2.oles ■ — - — - — _ - — '" " 7" 



in vitro 




B Inhibition of lysosomal acidification (1Cj 0 ; umol/1; mean ± SE) 
Pantoprazole 194±90 a = 6 

Omeprazole 75 ±26 n = 6 

C Inhibition of chemiluminescence of fMLP-stimulated human 
polymorphonuclear leukocytes (IC50; umol/1) 
Pantoprazole no inhibition up to 100 umoIA n = 5 
Omeprazole - 1 00 (see text) n = 5 

(A) Acid pump: rabbit fundic glands stimulated by histamine; a pre- 
liminary account of this work was published in abstract form by Simon et 
al. [17]. Sodium pump: Na + /K + -ATPase from dog kidney. (B) Rat kidney 
lysosomes in vitro. Data from Simon et al. [16]. 



Inhibition of Human Polymorphonuclear 

Leukocyte Function: Formation of 

Reactive Oxygen Species 

Concentrations of 10~ 6 , 10" 5 and 10" 4 
mol/1 of either omeprazole or pantoprazole 
were tested for potential inhibition of the for- 
mation of reactive oxygen species by poly- 
morphonuclear leukocytes as measured via 
chemiluminescence. Pantoprazole did not 
display any significant inhibition at all of 
these concentrations. Although omeprazole 
was without any effect at 1 0" 6 and 1 0~ 5 mol/1, 
it caused about 53% inhibition in polymor- 
phonuclear leukocytes (p ^ 0.01, two-tailed 
paired t test) and about 24% inhibition of 
hyppxanthine/xanthine oxidase in a cell-free 
system (p s 0.01, two-tailed paired t test) at 
10-4 mo yi. The latter value probably repre- 
sents antioxidative properties of omeprazole 
(see Discussion). The difference of about 29% 
between the two systems may indicate the 
degree of inhibition of the formation of reac- 



tive oxygen species by omeprazole, although 
the different parameters used for this compar- 
ison make any quantification difficult. No 
inhibition of chemiluminescence has been 
found with 10 -4 mol/1 pantoprazole (table 3). 



Discussion 

The Antisecretory Potencies as a Basis of 
Comparison between Substituted 
Benzimidazoles 

Pantoprazole [21], omeprazole [22], lanso- 
prazole [23] and rabeprazole (E-38 10 [24]) are 
substituted benzimidazole sulfoxides that 
have essentially the same mechanism of ac- 
tion although they display distinct differences 
[3, 4, 25, 26]. The present paper focuses on 
pantoprazole and omeprazole and, therefore, 
their relative antisecretory potencies should 
be briefly discussed. Rromer et al. [27, 28] 
had already shown that, overall, the two drugs 
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proved to be equipotent in animal experi- 
ments. This has been confirmed by Koop et 
al. [29] and Brunner et al. [30] in healthy vol- 
unteers comparing 40-mg doses of either drug 
upon oral administration and steady-state 
conditions. In line with this, 20 mg omepra- 
zole were less effective than 40 mg pantopra- 
zole during steady state [31]. Another cross- 
over pH metry study in healthy volunteers 
[32] confirmed this notion when comparing 
20 mg omeprazole and 40 mg pantoprazole. 
Therefore, the comparison between human 
data on pantoprazole and omeprazole has 
been primarily based in this paper on a daily, 
oral dose of 40 mg each. Like pantoprazole, 
omeprazole is meanwhile available in various 
countries in an oral 40-mg dosage. Omepra- 
zole 40 mg daily has been recognized in the 
meantime as the correct dose offering signifi- 
cant advantages over the 20-mg dose at least 
in patients with large gastric or duodenal 
ulcers [33-35]. 

The Importance of pH-Dependent 
Activation for Selectivity of Substituted 
Benzimidazoles: General Considerations 
The most important determinant of the 
selectivity profile of substituted benzimida- 
zoles appears to be the probability to which 
moderately acidic tissues will be exposed to 
the thiophilic cyclic sulfenamide formed from 
the respective prodrug in an acidic environ- 
ment [3]. Moderately acidic compartments in 
the body like lysosomes or late endosomes [6, 
36, 37] as well as the microenvironment be- 
neath adherent macrophages and osteoclasts 
[5] have been reported to produce pH values 
between 3 and 5. Drug exposure of such mod- 
erately acidic tissue compartments will be in- 
fluenced by the AUC of the respective drug 
(table 2). Since only the free drug equilibrates 
across cell membranes, the concentration 
of free prodrug in aqueous compartments 
beyond membrane barriers will decrease with 



an increasing percentage of serum protein 
binding. A higher volume of distribution may 
be partially explained by a higher logP and 
will again point to a potentially higher tissue 
exposure. Once the substituted benzimida- 
zole prodrug has entered the moderately 
acidic compartment under consideration, it 
undergoes a pH-dependent intramolecular 
rearrangement to the thiophilic cyclic sulfen- 
amide that immediately reacts with SH 
groups in its vicinity to form a covalent bond 
[for a review, see 3, 4]. Therefore, if a given 
drug should be activated more quickly at a 
critical pH relative to its serum elimination 
half-life than another one, it would generate a 
higher risk of producing unwanted SH reac- 
tions in tissue compartments that achieve this 
critical pH value. Although concentrations of 
PPIs necessary to produce unwanted in vitro 
effects at moderately acidic targets (see below) 
are high compared to their serum concentra- 
tions in man, the former are somewhat arbi- 
trary as they strongly depend on the experi- 
mental conditions. Moreover, even minor co- 
valent SH reactions at unwanted targets may 
add over time to previous injury of these 
structures under pathological conditions to 
become manifest. Therefore, the serum AUC 
rather than maximum concentration values 
may be important in this context. 

The Estimated Tissue Exposure to the 
Prodrug 

Table 2 provides a direct comparison (ex- 
cept for volume of distribution) between pan- 
toprazole and omeprazole for the drug proper- 
ties mentioned above. The table shows that 
the different protein binding of the two drugs 
is already sufficient to reverse the order of 
AUC values in the serum as far as its signifi- 
cance for drug equilibration across cell mem- 
branes is regarded (free drug). This reasoning 
holds true for both of the total drug concentra- 
tions used and is further supported by a high- 
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er volume of distribution of omeprazole com- 
pared to pantoprazole. Irrespective of differ- 
ent drug concentrations within membranes as 
a consequence of different logP values at pH 
7.4, it should be noted that drugs equilibrate 
across membranes to achieve within the 
aqueous compartments on either side the 
same steady-state concentration, i.e. the con- 
centration of free drug present in serum, pro- 
vided that similar pH values exist on either 
side. Under this condition, the estimated tis- 
sue exposure to the free prodrug will be higher 
for omeprazole than for pantoprazole. It is the 
free prodrug in the moderately acidic aqueous 
tissue compartment that may cause unwanted 
SH reactions upon its activation. 

The Relevance of the Serum Elimination 
Half-Life Relative to the Prodrug's 
Activation Half-Life for Selectivity of 
Substituted Benzimidazoles 
The shorter the serum elimination half-life 
in comparison to the activation half-life of the 
prodrug at an unwanted target is, the lower 
the risk of unwanted, covalent SH reactions at 
this target will be, and vice versa. Table 1 
demonstrates that omeprazole is eliminated 
from serum about as fast as it is activated at a 
critical pH of about 5, whereas pantoprazole 
is eliminated from serum by a factor of 2.3- 
3.8 faster than it is activated at unwanted tar- 
gets of a pH of 5 or 5. 1 , respectively. 

Biological in vitro Correlates for pH 
Selectivity 

Impracticable large numbers of therapeut- 
ic drug administrations are required to make 
a valid, prospective and comparative assess- 
ment of clinical drug safety [38]. Therefore, 
we have performed in vitro experiments using 
biological substrates with functional end 
points in order to detect potential differences 
between the drugs. Table 3 shows the selectiv- 
ity factors that indicate the IC50 for the sodi- 




um pump in multiples of the IC50 for the acid 
pump (histamine stimulation). Clearly, pan- 
toprazole displayed the highest selectivity 
compared to omeprazole and lansoprazole. A 
previous comparison in a similar system (acid 
pump stimulated by db-cAMP [20]) gener- 
ated IC50 values resulting in selectivity factors 
of 200 (pantoprazole), 100 (lansoprazole) and 
60 (omeprazole). It should be noted that the 
absolute magnitude of any single selectivity 
factor is meaningless because two completely 
different experimental models are compared. 
However, of importance is the rank order of 
these selectivity factors in the comparison be- 
tween the different drugs. 

The lower IC 5 o value of omeprazole in the 
fundic gland preparation, compared to panto- 
prazole (table 3), reflects its faster activation 
in the acidic compartment of the fundic gland 
parietal cell in vitro but does not translate into 
the in vivo animal experiment or into clinical^ 
conditions. This is because the intracanalicu- 
lar pH in vitro is probably higher than in vivo 
(by about 1-1.5 pH units [W. Beil, pers. com- 
mun.]), and the time period available for dif- 
fusion, accumulation and activation of the 
prodrug in the in vitro experiment is limited 
compared to an open time frame under clini- 
cal conditions. Moreover, the faster the drug 
is activated to immediately block the proton 
pump, the longer the remaining time fraction 
in the in vitro experiment available for spon- 
taneous dissipation of the preexisting pH gra- 
dient in the particular parietal cell will be. 
Particularly this latter argument may apply to 
differences between IC50 values found by Beil 
et al. [39] in pumping membrane vesicles 
incubated for 40 min, when the pH gradient 
was indirectly measured by fluorescence 
quenching of acridine orange. Consequently, 
these authors interpreted the higher IC50 val- 
ues and the slower time course of the action of 
pantoprazole as an 'improved' pH stability. 
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Simon et al. [16] have shown that luminal 
acidification of lysosomes prepared from rat 
kidney is inhibited to 50% by micromolar 
concentrations of omeprazole that are, by a 
factor of 2.6, lower than the IC 5 o of pantopra- 
zole. Lysosomes generate a pHj in the order of 
5 where pantoprazole and omeprazole display 
chemical activation half-lives of 2.8 and 1 h 
(pH 5) or 4.7 and 1 .4 h (pH 5. 1), respectively. 
This compares to an incubation time in the 
experiment of Simon et al. [ 1 6] of only 30 min 
and therefore explains the relatively high con- 
centrations required to inhibit lysosomal 
acidification by 50% under these experimen- 
tal conditions. 

This notion is further supported by Tuuk- 
kanen and Vaananen [40] who found a signifi- 
cant inhibition of bone resorption in vitro 
already by 10 umol/1 omeprazole. Inhibition 
was almost complete at 100 umol/I. This con- 
centration also completely inhibited in vitro 
bone resorption in another study [41]. Nota- 
bly, therapeutic administration of omeprazole 
to patients resulted in changes in several clini- 
cal laboratory parameters that pointed to an 
inhibition of bone resorption [42]. 

Several publications have shown that ome- 
prazole interferes with leukocyte functions, 
both in vitro and in vivo. For example, Wan- 
dall [43] described a concentration-dependent 
reduction in chemotaxis and superoxide an- 
ion generation with an IC50 value in the latter 
instance of 250 umol/1. Although 'acid-de- 
graded omeprazole also inhibited Of genera- 
tion', 'acid degradation' was performed at pH 
3 for 1 5 min and this material was then added 
to polymorphonuclear leukocytes suspended 
in buffer of pH 7.3 for a further 30-min incu- 
bation. As seen from table 1, this procedure 
will not result in a complete degradation of 
omeprazole and will probably leave sufficient 
active material for inhibition of leukocyte 
functions. Hence, inhibition of leukocyte 
functions by 'degraded' omeprazole does not 



argue, under Wandall's experimental condi- 
tions, against pH-dependent activation in 
acidic cell compartments as the basis of the 
observed effects. These experimental condi- 
tions may also explain the high drug concen- 
tration required. 

This principle finding has been confirmed 
in different test systems demonstrating that 
omeprazole attenuates oxygen-derived free 
radical production from neutrophils activated 
by Helicobacter pylori [44] , attenuates respira- 
tory burst of human neutrophils by increasing 
intralysosomal pH [45] and decreases human 
natural killer cell activity concentration-de- 
pendently [46]. Again, 'degraded omeprazole' 
showed a similar action in the latter instance, 
but the degradation procedure was performed 
in a complex medium containing proteins 
that will slow the degradation rate [Sturm, 
pers. commun.J. Finally, Scaringi et al. [47] 
demonstrated in vitro inhibition of cell-me- 
diated cytotoxicity in a dose- and time-depen- 
dent manner. More importantly, however, 
omeprazole 40 mg/day administered for 7 
days to healthy volunteers significantly re- 
duced ex vivo chemiluminescence, a measure 
of the production of reactive oxygen species, 
in peripheral neutrophils [48]. This con- 
firmed earlier data showing that omeprazole 
reduces ex vivo production of superoxide an- 
ion by polymorphonuclear leukocytes during 
clinical therapy with omeprazole [49]. 

Our data on the inhibition of chemilumi- 
nescence of fMLP-stimulated human poly- 
morphonuclear leukocytes by 100 umol/1 
omeprazole is in line with the above reports. 
This high drug concentration does not invali- 
date the biological significance of the inhibi- 
tory response since the preincubation time of 
5 min was short relative to chronic adminis- 
tration under therapeutic conditions. Leuko- 
cytes and macrophages generate reactive oxy- 
gen species within lysosomes [50, 51] where 
they provide moderately acidic conditions for 
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omeprazole activation. Although our experi- 
mental conditions do not allow to distinguish 
between omeprazole-induced inhibition of 
either lysosomal or cell membrane NAPH ox- 
idase, the latter activity results from mem- 
brane fusion of vesicles and is associated with 
a proton pump [52]. Thus, there is a proton 
source at the cell membrane of the activated 
neutrophil even under the latter conditions. 
Of relevance in this context is that the acti- 
vated PPI will be immediately withdrawn 
from the diffusion equilibrium by its covalent 
SH reaction. Apart from this cellular effect, 
about half of the inhibition of chemilumines- 
cence in our system was probably due to 
antioxidant properties of omeprazole as alrea- 
dy described by Lapenna et al. [53] and indi- 
cated by 24% inhibition of chemilumines- 
cence in a cell-free hypoxanthine/xanthine ox- 
idase system. By contrast, Wandall [43] did 
not find any scavenging of Of by omeprazole 
in a cell-free xanthine/xanthine oxidase sys- 
tem. 



The mechanism of action by which omepra- 
zole treatment (20 mg daily for 3 months) in 
duodenal ulcer patients increased the percent- 
age of HLA-DR-positive peripheral blood lym- 
phocytes as well as random migration, directed 
migration, phagocytosis index and HLA-DR 
expression in peripheral blood monocytes- 
macrophages [54] is unknown. Although both 
Wandall [43] and Suzuki et al. [48] on the one 
hand, and Kountouras et al. [54] on the other, 
discussed the either inhibitory or stimulatory 
effects in terms of beneficial properties of ome- 
prazole, we consider either 'anti-inflammato- 
ry' or 'immunopotentiating' actions of any PPI 
as unwanted effects. Actually, they indicate 
effects probably at moderately acidic targets in 
cells other than the parietal cell. 
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Evaluation of Buffering Capacity and 
Acid Neutralizing-pH Time Profile of Antacids 



AUSku lM, «n Sun, and HsiuYmg Yu 



'"The antacid properties of seven antacids listed in the hospital formulary of 
a medical center were evaluated with in vitro icso. These included not only the 
preliminary antacid test and arid-neutralizing capacity test as described in the United 
States Pharmacopeia (UST XXlll) , but also a buffering pH profile test. The preliminary 
antacid test measured ihe linal pH of a 10-mL solution of OJS N HQ 10 minutes after 
addition of (he minimum recommended dose of an antacid, while the neutralizing 
capacity test measured the amount (m£q) of HQ ncutralr/ed by the minimum 
recommended dost in 15 minute*. Ihe buffering pH profile recorded the pH time 
course of dynamic sumiUtrd gawric fluid neutralization by a dose of an antacid. In 
the preliminary antacid test, magnesium oxide showed the tugliesi pH (9Ji2 ±0.14, 
mean ± standard deviation, « - H); aluminum phosphate gel yieWwl a una) pH of 
2.51 ± 0.01, thus foiling to mm tli« criteria of an antacid (pH > 3-5). In the acid- 
neutralizing capacity test, hvdrotaldir. had the highest neutralizing capacity (2B.26 ± 
0.3 m£q), while sodium bkarbonate luiri the lowest (7.40±0.12 roEq). In the buffering 
pi I prolile test, aluminum-magnesium hydroxide suipeniriona and hydrotalciie tahleis 
maintained a steady optimum pH (3-5) for around J.B hours. One tablet of calcium 
carbonate, sodium bicarbonate or magnesium oxide ixhiM not raise the gastric pll 
to above 3, but two tablets increased the pH excessively (.VS to 8.6). The higher dose 
(two tablets) of aluminum hydroxide hcxicol complex could not raise the pH to the 
optimal level. Tltene findings demonstrate that there is disparity in the antacid effec- 
tiveness estimated liy the neutralizing capacity test and the liullering pH profile test 
and suggest that die efficacy of an antacid cannot be accurately predicted from its 
acid-ncutralizmg capaiiiy. The dose of antacids grcady iufluenet* die neutralizing pH 
proBlcs. AluiniDuiivinagiirsiiini compounds appear to provide steadier buffering than 

M 
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It « generally agreed thai an ideal antacid should 
possess at least (he following characteristics: rapid 
neutralization, in order to quickly relieve (he discom- 
fort caused by acidic gastric juice, and to cope with 
the rate or gastric emptying [1]; acid-neutralizing ca- 
pacity sufficient to achieve, the opriimtm pll (3-5) [2] 
without over-neutralizing, in order to avoid a 
rebound effect IS]; long-lasting antacid effect; and 
antacid activity unaffected by digestive enzymes. 

The method for determining antacid effectiveness in 
the United States Pharmacopeia (USP) XXIII includes 
two tests: the preliminary antacid lest and the arid- 
ncutralizing capacity test 1.4J. Tn the preliminary antacid 



test, the atid-neuualizing ability of an antacid is evaluated 
by mixing the minimum recommended dose or the 
antacid with lOmLoTOJiN HClfor 10 mtn.utrs.The Final 
pH of ihe reaction mixture Ls then measured, and should 
be 3.5 or greater. The arid-neutralizing capacity test 
measures Uie amount of HQ neutralized by the mini- 
muin recommended dose of an antacid. The antacid is 
mixed with an excess of 1.0 N HCl at 25°C or 37°C for 
exactly IS minutes, and die excess acid is ihen hack- 
rinratcd with 0.5 N NaOll in a period not exceeding 
5 minutes. The acid-neutralizing rapadly test does not 
lake into account the time required for acid neutraliza- 
tion onhcriiirarion of lniffcTuu?byattaotactd;itismcrely 
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; of excess acid neutralized at 15 minutes. 
Because die relief or pain due to excess gastric acidity is 
probably because or the change in pH or the gastric 
contents [3] , physicians and patients arc more interested 
in the rapidity and duration of neutralization than in the 
total amount of acid that can be ne uirali/.ed over a period 
of 15 minutes. Importantly, these two tests do not show 
the rate of change in pH, which is related to the clinical 
effectiveness of antacids. 

A variety of dynamic in mint tests have been de- 
signed to correlate more closely with conditions likely 
to be encountered in general use of such compounds 
in clinical practice. TbeRosseti-Rice test [ft] is one such 
method for cliaracier'ualkm and evaluation of antacid 
compounds [6-9]. 

In our snidy, the antacid efficacies of seven common 
antacids thai are included in (lie hospital formulary of 
National Taiwan University Hospital were evaluated in 
vitro with the antacid test, the acid-neutralizing capacity 
test, and a nuxlifiotion of the Rossctt-Ricc arid-neutral- 
izing pll-tirue profile test, wltich incorporates simulated 
gastric secretion. We compared the results of the static 
and the dynamic neutraliring experiments to investigate 
the differences in arid-neutralizing activity among vari- 
ous antacids. The results should be helpful in die clinical 
selection of appropriate antacids for optimal treatment, 
as well as in the interpretation of antacid rests. 



Materials and Methods 



Seven commercially available antacids listed in the 
hospital formulary of the National Taiwan University 
Hospital (Table 1) were obtained from the Depart- 



ment of Pharmacy, National Taiwan University Hospi- 
tal. Two of die antacid preparations were colloidal 
suspensions and the other five were, tablets. 

Each antacid was evaluated with die preliminary ant- 
arid test and the acid-neutralizing capacity test according 
to the United States Pharmacopeia (USP) XXI11 guide- 
lines [4]. In the arid-neutralizing test, antacids were 
comminuted sufficiently to pass through a number 20 
sieve (Ming-Shiang, Taipei, Taiwan). The sieved material 
was then accurately weighed, and an amount equivalent 
to the minimum recommended dosage was dissolved in 
distilled water in a final volume of 40 ml. by mixing in a 
beaker with a magnetic stirrer (Thcrmolync, Dubugue, 
lO.L'SA) atSOOrpmfor 1 minute. For liquid antacids, the 
minimum recommended dosage was accurately weighed 
and mixed in water to a final volume of 40 mL. Then, 10.0 
mL of 0.5 N HQ was added to the test solution, widi 
stirring. Exactly 10 minutes after the addition of the acid, 
the pH of the reac tion mixture was read and recorded. If 
the pH was hclow 3.5, die product was nut considered an 
antacid and it was not included in the odier tests. If the pH 
was 3.5 or greater, the antacid was included in the neutral- 
izing capacity test. 

Ihc arid-neutralizing capacity test is used to deter- 
mine the amount (uiEq) of arid neuualued by the 
minimum recommended dosage of the tested antacid. 
Antacid tahlett were comminuted, sieved, and dissolved 
in water by mixing widi a magnetic stirrer at 500 rpin fur 
1 minute, and the final volume was adjusted to 70 mL. 
I iquid antacids were weighed and used directly. Then, 
30.0 ml. of 1.0 N Ht.l was added to the test solution with 
stirring. Exactly 15 minutes after die addition of acid, the 
excess acid in the lest solution was titrated with 0J> N 
NaOH to a stable pH of 3.5. All tests were conducted at 
37 ± 3°C (25 ± 3 0 C was also allowed) [4] . The amount of 
acid neutralized by the antacid sample was calculated as 



Table 1. Antacids tested 



Content/dosage unit Minimum recommended dose 



Aluminum- 


AlM R ..(OH), 


Suspension 


1.0 r in 20-mL sachet 


7HH mg 


magnesium hydroxide 
Aluminum phosphate 






(1/2 sachet) 


A1W), 


Suspension 


2.5 r in 26-g sachet 


2.5 g 








(1 sachet) 


Aluminum liyumxide 


AKOII), 


TaMei 


233 mg 


233 mg 


hcxitul complex 








(1 tablet) 


Hydrotaltilc 


AlrMfcWIDJU), 


TaWel 


05 g 


IB 


•4H.O 






{2 wbjets) 


Calcium carbonate 


CaCO, 


Tablet 


O.Sg 










(2t»bkta) 


Sodium bicarbonate 


NaHCO, 


Tablet 


600 mg 


600 mg 








(1 ablet) 


Magnesium oxide 


MgO 


Tablet 


25(» mg 


400 mg 
(1.6 tablets) 
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follows: Total mEq= (30.0 mL) (normality of H(3) - (mL 
of NaOI I) (normality of NaOHj. 

The pH-time profile during the neutralisation 
reaction was determined using the method of Rossrlt- 
Rice [5] ,wim modifications as prewoush/described [7.9]. 
In brief, toe system consisted of a beaker containing 150 
mL (approximatefastingcontcntofhuman stomach) [I] 
uf simulated gastric fluid. Simulated gastric fluid test 
solution was prepared according to the USP XX11I guide- 
lines [10]. Briefly. 2.0 g of NaCl and 3.2 g of pepsin (E 
Merck, Darmstadt, Germany) were dissolved in 7.0 ml. of 
HQ, and the volume was adjusted to 1 ,000 mL with 
distilled water. The pH of this test solution was 1 .2. The 
beaker was placed on a thermostatic magnetic stirrer lo 
keep the contents at 37 ± 1°C and to provide continuous 
stirring (MOO ± 30 rpm). A pll electrode was kept in the 
upper region of the solution. The antacid tn be tested was 
added into the beaker tostart the neutralization reaction. 
Alter the first 1 0 minutes, fresh simulated gastric fluid was 
delivered into the reaction vessel via a mbe, to simulate 
tr/astric secretion. The delivery of the. simulated gastric 
fluid was controlled with a peristaltic pump at a constant 
rate of 1 .6ml./ minute, and reaction sol utioii was drained 
via another tube to keep the volume of the reaction 
solution constant. Because some antacid lahk-.ts can be 
swallowed whole or chewed, the pH-profilc experiments 
for antacid tablets were conducted with both whole 
tablets and comminuted tablets [4]. The pH-time profile 
of the reaction mixture was recorded for 120 minutes. 
The weight variation of the antacid tablets and suspen- 
sions were determined according to USP XXIII guide- 
lines [11]. 



Results 

The resultt of the preliminary antacid test and the acid- 
neutralizing capacity test are shown in Table 2. In the 
preliminary antacid test, aluminum phosphate yielded a 



final pi I or 2.51 ± 0.01 .well below the 3.5 cut-off value for 
an an acid 1 4 1 , and was not considered an antacid. There- 
tore, aluminum phosphate was excluded from further 
experiments. Among the qualified antacids, die final pH 
achieved by the minimum recommended dose was the 
highest for magnesium oxide and the lowest foraluminiun 
hydroxide hexitol complex (Tabic 2). 

The acid-neutralising capacity per minimum 
recommended dose of antacid (Table 2) was the lowest 
Tor sodium bicarbonate and the highest for hydrntalcite. 
When normalized according lo weight, the acid- 
neutralizing capacity per gram of active constituent 
was lowest for sodium bicarbonate, and highest for mag- 
nesium oxide. The values of arid-neutralizing capacity are 
in agreement with diose of effective antacids contained 
in the miruinuin recommended dose (Table 2). 

The pll-profile test (Figure) dcmunsu.<aed that all 
the tested whole-tablet antacids except magnesium 
oxide had rapid onset of neutralizing effect (less than 
5 minutes) , with a peak pH appearing in 10 minutes or 
less. The pH profiles were different between the low 
(one tablet or 1/2 sachet) and high (two tahlets or one 
sachet) doses. The high dose ridded a significantly 
(f>< 0.05) higher maximum pH and a longer duration 
of effective bufferingf han the low dose for all the tested 
antacids (Table 3). The pll profiles of the whole-tablet 
and the powdered form of antacids were almost iden- 
tical, except for magnesium oxidc.Thc powdered form 
of antacids showed more rapid ousel of neutralization. 

The pH profiles showed that the buffering action 
of aluminum hydroxide compounds, including 
aluminum-magnesium hydroxide, aluminum hydrox- 
ide hexitol complex, and hydrotalcite (Figure A. B, and 
C), were moderate. The high dose of aluminum- 
magnesium hydroxide compounds maintained a steady 
effective pH (4-5 or S-4) (Figure A and C) for a period 
of more than 1 hour. However, when the low dose of 
the same compounds was used, the pH gradually 
declined to below 3.0 in less than 30 minutes after the 
peak pi I was achieved. 



Table 3. Results i»f preliminary antacid test and acid-ncutralmttg c»[»rU> test of antacids 



AUiminum-magiiiisiuin hydmxidt! 



Aluminum hydroxide hexitol 
Hydrotalcite 
Calcium carbonate 



PAT 
Final pH 

5.72 L 0.13 

2.31 i 0.01 
3.65 ± 0.05 
D. 12 ± 0.21 
6.13 + 0.13 
7.41 ± 0.11 

9.32 + O.H 



Arid-neutralizing capacity 



mF.q MO per minimum dose' mEq HCl/g 



25 75 ± 0.19 <27)* 
Not iKMrd 
9.28 + 0.13 (1).0)' 
28.26 ± 0.30 (2K.5)' 
20.39 ± 0.08 (2U.0)' 
7.40 X 0.12 (7.1) 1 
18.98 1 0.26 (19.8) 1 



34.89 ± 0 .26 
Not tested 
39.83 ± 0.56 
28.26 1 0.30 
20.39 1 0.08 
12.33 ± 0.20 
47.45 ± 0.B5 
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Table 3. Antacid pH proliks 



Aluminum-matinesium hydroxide 
Aluminum hydroxide hcxilol complex 



Calcium carhonair 



Sodium hirarlMinair 



10 mL 
20 mL 
1 tablet 01 

1 tablet (P) 

2 tablets (T) 
2 tablets (P) 
1 tablet (T) 

1 tablet IP) 

2 tablets (T) 
2 tablets (P) 
1 tablet (T> 

1 tablet (P) 

2 tablets 01 
2 tablets (P) 
1 tablet 0 ) 

1 tablet (■') 

2 tablets (11 
2 tablets <!') 
1 tablet (T) 

1 table) (V) 

2 tablets (T) 
2 tablets (P) 



Maximum pH* 



5.52 ± 0.22" 
6.21 ± 0.05 
1.56 ± 0.07' 

I.6S 
2.37 ± 0.11 

2.95 
3.70 ± 0.19 s 

3.85 
4.06 ± 0.02 

3.98 
I. II ±0.04* 

\.M 
5.27 ±0.12 

5.72 
1.51 ± 0.03 : 

1.58 
6.04 ± 0.32 

6.09 
1.56 ± 0.10 s 

2.43 
2.85 ± 0.1 1 
8.57 



Duration of antacid effect (niin)' 



42 (3rd-45th) 
102 (3rd-105th) 



13 (2od-15th) 
23 (2nd-25th> 
84 (lst-85th) 
79 (lst-80th) 



45 (5th-50th) 
34 (lM-65th) 



27 (3rd-S0th) 
29 (l*-80ih) 



•Mran J St> oritur* urirniunaiions for (T) . and one determination for (P). 'Duration n 
diucirnl between high and low Aw. (Student * I Vol, p < 03). T tablet form, •* » 



The carbonates, CaCO, and NaHCO,. (Figure D 
and E) in low doses were not capable or raising die pH 
to above 2.0 in Uic pH-profile test and, thus, their 
antacid properties are dubious. However, the high 
dose of these antacids exerted strong neutralizing 
effects (the maximum pH for NaHCO, and CaCO, 
were 6.1 and 5.7, respectively) . The neutralizing effect 
of NaHCO, was vigorous: the pH rose lo 6.1 immedi- 
ately after addidon of the antacid, and remained at 
above 5 for about 3Q minutes, and then fell to below 3 
in the next 5 minutes. 

The pH profilesof magnesium oxide showed greatly 
with both the dose and form (powdered vs tablet). The 



higher recommended dose of magnesium oxide when 
given in tablet form did not raise the pH u» an effective 
dierapcutic level, hut the same dose of powdered 
magnesium oxide showed the highest maximum 
pH among all the tested antacids in this experiment 
(TahleS). 

The weight variations of the antacid samples arc 
shown inTable 4. All the antacid tablet samples met the 
USP* requirement (85.0%-l 1 5.096 of the recommended 
claim, relative standard deviation B.0%), but the 
aluminum-magnesium hydroxide suspension showed 
a relative standard deviation (20.87%) larger than 
6.0% (Table 4). 



Table 4. Weight variation of antacids 
Composition 



Weight variation* RSU (%) 



Range 



Combined hydroxides of magnesium and 
Hydrotakiie 
Aluminum h>timxidc 
Calcium carl* mate 
kgggfwm bicarbonate 
j^Nfighesrom oxide 




20.233 ± 4.227 mL 
0.941 ± 0.007 g 
0.653 A 0.010 g 
0.604 ± 0.1107 g 
o.im ± 0.015 g 
0.470 ± 0.005 g 



20.87 

0. 78 
1.48 

1. n 

2.24 
0.99 



15.100- 23.459 mL 
0.935 - 0.958 g 
0.637 - 0.668 g 
0.396 - 0.813 g 
0.633 - 0.687 g 
0.431 - 0.476 g 



^»'Cir-:'«M>Q , »Kl dcriiiioo. *7VaU ai 
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The volume of" gastric juice was chosen as 150 mL 
because il seems a good approximation of the amount 
of gastric juice present in the resting stomach (1]-Thc 
constant replacement of reaction mixture with fresh 
gastric juice provides a system where the amount of 
antacid is gradually diminishing while the supply or 
fresh acid is constant. This in vitro procedure may not 
be completely representative of the behavior of an 
antacid in the human stomach, but it is perhaps the 
most severe method of comparing antacids that can he 
devised under conditions similar lo those found in the 
stomach. 

The pH profile shows how fast and how well anta- 
cids neuu-alue excess acid. An antacid should promptly 
neutralize gastric acid to a pH or 3.5 lo 5. Most of the 
antacids tested n eutrnlized the acid to this level rapidly, 
but some (aluminum hydroxide hcxitol compound 
and the minim um recommended dose of sodium bi- 
carbonates) did not (Figure) . The pH profiles (Figure) 
show that two tahlets of sodium bicarbonate or pow- 
dered magnesium oxide resulted in an excessively 
bask pi 1 (> 6) . The sudden drop iu pi 1 which followed 
the excessive pH increase would consequently be 
expected u> cause a rehound effect in vivo. 

The results of Die acid-neutralizing capacity test 
(USP) did not correlate with those of die pll-profilc 
test. In spite of the relatively small difference in acid- 
ncutralizing capacity (mKq HCI/minimum recom- 
mended dose) between aluminum hydroxide hcxitol 
complex (9.28 + 0.13) and sodium bicarbonate (7.4<>± 
0.12), their pH pronicswere quite different. Although 
the acid-neutralizing capacity of aluminum hydroxide 
hcxitol complex was higher than that or sodium bicar- 
bonate, the maximum pH achieved in the pH-profile 
test of aluminum hydroxide hcxitol complex 
(2 tablets) was only halT that of sodium bicarbonate 
(2 tablets). Aluminum hydroxide hexitol complex 
fulfilled the USP criteria of an antacid, but it failed lo 
denioiistfale antacid efficacy (pH > 3) in the pit 
profile test, in which gastric secretion was simulated. 
The recommended dose or aluminum hydroxide 
hcxitol complex is thus likely to have lirde effect in 
patients suffering from excess gastric acidity. Sodium 
bicarbonate showed the smallest acid-neutralizing ca- 
pacity, but its maximum pH in the pH profile was 
higher than thai or most antacids. The pH profile 
results imply that the minimum recommended dose or 
most antacids is too low. 

The pH profiles of die whole-tablet and tablet- 
powder tonus nf magnesium oxide were quite differ- 
ent. The maximum pH in die pi I-profile lest was lower 




flufftrittg PtvfUfS of Antnridi 

than pH 3 when two whole magnesium oxide tablets 
were used, but nearly 9 when two powdered tablets 
were used; Utis pi I is excessively basic. Such a differ- 
ence is due to slow disintegration of magnesium oxide 
tablets in the simulated gastric fluid. Il is recommended 
dial antacid tablets shotdd be thoroughly chewed be- 
fore swallowing [12]. 

It is interesting to note that aluminum hydroxide 
showed a blunt pH profile (Figure B) . However, a combi- 
nation of magnesium and aluminum hydroxide antacids 
demonstrated a iwo-phase pH-profile, an initial peak 
followed by a steady phase (Figure A and C) . The peak pH 
most likely represents the action of magnesium hydrox- 
ide component, magnesium oxide alone demonstrated a 
sharp and early peak (Figure Fj. In water, magnesium 
oxide is converted to magnesium hydroxide and lias 
essentially the same acid-neutralizing effect as magne- 
sium hydroxide. Magnesium oxide reacts rapidly with 
acid and raises the pi 1 lo over 8. The steady pH following 
the peak represents the acdon of aluminum hydroxide. 
Thn.% in a combined aluminum-magnesium antacid, the 
magnesium C( impound reacts first with arid and raises the 
pi I lugher ihau necessary, while the more slowly reacting 
aluminum component needs more time before it can 
elevate the pH to about 4. 

The charactcrisucs of the pH profiles of antacids 
may be approximately predicted from their acuve com- 
ponents rather than their acid-neutralizing capacity. 
Aluminum hydroxide, compounds react relatively slowly 
and steadily, carbonates and magnesium compounds 
react rapidly and vigorously, and die alumuiuiii-inag- 
nesium hydroxide compounds demonstrate the com- 
bined actions of the two components. 

In conclusion, antacid efficacy cannot be properly 
predicted simply from the acid-neutralizing capacity 
required by the USP. The dose of antacids greatly 
influences the pH profile. Aluminum-magnesium com- 
pounds provide steadier buffering than carbonate com- 
pounds or magnesium oxide. Tliis study also indicates 
that when antacids are prescribed, the dosage form 
and dose should be considered. 
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